Several genome-wide studies have identified loci associated with reproductive traits, such as ages of menarche and menopause, in women of European ancestry. In this study, we investigated the relevance of these loci in minority US Hispanic women. We utilized data from 3468 women who were genotyped as a part of the Women's Health Initiative SNP Health Association Resource. We replicated associations of eight loci (LRP18, LIN28B, CENPW, INHBA, TMEM38B, ZNF483, NFAT5 and OLFM2) with age at menarche, and of two loci (MCM8 and BRSK1/TMEM150B) with age at menopause. The MCM8 locus was also associated with early menopause risk. Three loci (CENPW, MCM8 and BRSK1/TMEM150B) were associated with the length of reproductive lifespan. We provide evidence that genetic variants influencing reproductive traits identified in European populations are also important in minority US Hispanic women.
INTRODUCTION
Menarche and menopause are two milestone events in a woman's life, marking the beginning and the end of her reproductive years. Menarche occurs at a mean age of 13 years in individuals of European ancestry, and 2 years after the onset of puberty (1) . Menopause is defined as the irreversible cessation of menses for at least 6 to 12 months and occurs on average at 50-52 years of age (2, 3) . Ages at which these events occur are associated with various health outcomes. For instance, age at menarche is correlated with adult stature and obesity (4 -7) . It also influences the risk for several diseases in women, including breast cancer (8), Alzheimer's disease (9) , stroke (10) and type 2 diabetes (11) . Age at natural menopause has been shown to be a risk factor for increased morbidity and mortality from cardiovascular diseases and osteoporosis (12 -16) . Menopause before the age of 40 years is referred to as premature ovarian insufficiency. Women with premature ovarian insufficiency have a 50% higher mortality rate than those reporting menopause at age 50 years or older (12, 17, 18) . To better assist women in managing their overall health, factors influencing the timing of these events need to be elucidated.
Both environmental and genetic factors influence the ages of menarche and menopause. Body fat composition in childhood and exposures to both endogenous and exogenous estrogen and * To whom correspondence should be address at: 1100 Fairview Ave N., M4-B402, PO Box 19024, Seattle, WA 98109, USA. Tel: +1 2066672900; Fax: +1 2066677850; Email: ctchen@fhcrc.org anti-androgenic agents affect the age at menarche timing (19) . Prenatal factors influencing in utero conditions are hypothesized to cause epigenetic changes in the child and affect the offspring's age at menarche (20, 21) . Socio-economic status, alcohol consumption and smoking have been significantly associated with menopausal age and premature ovarian insufficiency (3, 22, 23) . These epidemiologic findings are supported by research showing that smoking induces apoptosis of the oocytes, accelerating ovarian aging and inducing earlier menopause (24) . In addition to these epidemiologic factors, high correlations in the timing of these two reproductive events in twin and motherdaughter pairs have also suggested that genetics may play an important role (2, 17, 25, 26) . In the case of age of menarche, the estimated heritability varies from 0.49 to 0.69 in studies of non-Hispanic women of European ancestry (25, 26) . Several genetic variants affecting pubertal timing have been described (hypogonadism and Kallmann syndrome, reviewed in 27). Mutations and sequence variants in genes, including NOBOX, GDF9, BMP15 and FOXL2, have also been associated with premature ovarian insufficiency (28) (29) (30) (31) (32) . Recent genome-wide association studies (GWAS) identified numerous single-nucleotide polymorphisms (SNPs) associated with ages at menarche and menopause. Forty-one loci have been identified for menarche in individuals of European ancestry. These include genes implicated in reproductive hormonal regulation, and loci previously identified for obesity and body weight regulation (33) . Markers on chr20p12.3 (MCM8), chr19q13.42 (BRSK1/TMEM150B), chr5q35.2 (UIMC1/HK3), chr6p24.2 (SYCP2L) and chr13q34 have been found to affect the timing of menopause (34, 35) . SNPs in four of these five clusters (MCM8, BRSK1/ TMEM150B, UIMC1/HK3, SYCP2L) have also been shown to be associated with early menopause, defined as menopause before 45 years of age (36) .
To date, most genetic studies on menarche and menopause have focused on women of European ancestry. Epidemiologic studies, however, suggest that the timings of these two events differ by races and ethnicity. Hispanic Americans and African Americans are two minority groups in the USA and have received relatively little attention in GWAS. To extend our understanding of the genetic variants influencing ages of menarche and menopause in minority women, we genotyped African and Hispanic American women in the Women's Health Initiative SNP Health Association Resource (WHISHARe). A separate study on these reproductive timings among African American women in WHI-SHARe is ongoing within the Continental Origins and Genetic Epidemiology Network (COGENT) consortium. In this current study, we sought to replicate variants identified in European ancestry populations (index and proxy SNPs) in Hispanic women in WHI-SHARe after adjusting for known environmental factors. For loci where the index and proxy SNPs were not available, we performed a comprehensive examination of variation within the region to screen for secondary alleles. We also investigated whether the same genetic variants influencing age at natural menopause were also associated with early menopause. Finally, we examined whether these variants were also associated with normal variation in reproductive lifespan.
RESULTS
Description of the Hispanic samples for age of menarche and age of menopause Enrollment characteristics of Hispanics in the WHI-SHARe cohort are described in Supplementary Material, Table S1 . For age of menarche, 3468 of 3587 self-reported US Hispanic women with genotype and phenotype data (age of menarche categories between 9 years or less and 17 years or older) were included. The average age at first menstrual cycle was 12.6 years with 95% of women starting menses between 9.5 and 15.8 years. For the age of menopause analyses, 1560 Hispanic unrelated participants were included. We excluded individuals with the history of endometrial and cervical cancer, individuals who had their last menstrual period within the past 12 months and individuals with both ovaries removed before natural menopause. The average age at menopause was 49.6 years with 95% of women undergoing menopause between 38.5 and 60.8 years. There were 20% of women with early menopause, defined as having menopause before 46 years of age, and 25% of these women with early menopause had undergone menopause prior to 40 years of age. The average reproductive lifespan defined by the difference between age of menopause and age of menarche was 37 years (95% CI: 25.7-48.4 years).
Non-genetic predictors of ages of menarche and menopause
We used linear regression to assess the association between non-genetic factors and ages of menarche and menopause. A significant birth cohort effect has been observed in previous age of menarche studies (37, 38) . Birth year was not available in our data. Therefore, we used age at recruitment as a proxy of birth year as it was positively associated with age at menarche (P-value , 4.7 × 10 27 ). Body mass index (BMI) at childhood was not available and hence was not evaluated as a covariate for age at menarche. Smoking exposure at the time of menopause was significantly associated with age at menopause (P-value , 3.7 × 10 26 ) and therefore included as covariate in all analyses (Supplementary Material, Table S2 ). On average, participants who were current smokers underwent menopause 1.9 years (95% CI: 1.5 -2.3 years) earlier than women who were not. This is consistent with prior published findings (39, 40) . No other lifestyle choices, such as alcohol, coffee and tea use, were found to be associated with age at menopause in our study. Neither anthropometric measurements, including BMI, weights, waist to hip circumference ratio, nor use of oral contraceptives was significantly associated with age at menopause in our Hispanic cohort. Percent European ancestry was shown to be significantly associated with age at menopause (P-value , 0.00 246); age of menopause was delayed by 2.1 years for every 1% increase in European ancestry (95% CI: 0.8-3.5 years). Percent European ancestry, however, was not associated with age at menarche in our sample (P-value . 0.10).
Eight loci were found to influence age of menarche in Hispanic women
We hypothesized that the loci previously been associated with age of menarche in women of European ancestry also influenced age of menarche in US Hispanic women. We used linear regression with additive genetic models adjusted for age at recruitment, recruitment center and the estimated European ancestry to account for birth cohort, site effects and admixture, respectively. We had available genotypes on published SNPs (index SNPs) or proxies (r 2 ≥ 0. We compiled a list of 24 SNPs, located in 14 loci, which were previously associated with age at menopause at P-values , 10
26 (34, 35) . Assuming each index SNP represented an independent signal in each locus, we tested the associations between each index SNP (or all available proxy SNPs if the index SNP was not available) and age at menopause. Six of the 24 SNPs were genotyped directly in WHI-SHARe and proxies were available for nine SNPs. Two of these index SNPs associations with age at menopause were replicated (Table 2, Fig. 2 ). Both of these SNPs, rs16991615
(P-value , 1.4 × 10
26
) and rs236114 (P-value , 0.0024), are located within the MCM8 (minichromosome maintenance complex component 8) gene. One copy of the major allele, G, at rs16991615 reduces age at menopause by 2.3 years (95% CI: 1.3-3.2 years) while one copy of major allele, C, at rs236114 reduces age at menopause by 0.87 years (95% CI: 0.30 -1.4 years). rs16991615 is not in high LD with rs236114 (r 2 ¼ 0.36 in HapMap CEU, r 2 ¼ 0.29 in WHI-SHARe Hispanics), but when we accounted for the effects of both SNPs on age at menopause using conditional analyses, the association with rs16991615 still remained significant (P-value , 1.6 × 10
24
); whereas the association with rs236114 diminished (P-value , 0.57). Thus, these SNPs appear to represent a single association. Interestingly, the effect size of rs16991615 in our cohort was larger than the previously reported value of 1.07 (34, 35) . We examined the LD structure among SNPs surrounding these two SNPs in our Hispanic sample and HapMap CEU population (Fig. 2, Supplementary Material, Fig. S9 ) and did not identify any other SNP in LD with these two SNPs. We also found that rs16991615 is associated with an increased risk for early menopause (P-value , 0.0052, odds ratio ¼ 1.23-3.56), whereas rs236114 is not (P-value , 0.14) ( Table 3 ). These results suggest that MCM8 influences age at menopause among Hispanic women.
None of the proxy SNPs located in the 19q13.42 locus replicated in WHI-SHARe Hispanic women and therefore, we investigated whether any SNP on the LD block in this locus showed evidence of association with age at menopause. We identified rs17782355, an intronic SNP, as significantly associated with menopause timing after applying Bonferoni correction for number of independent SNPs tested (P-value , 0.0064) ( Table 2 , Fig. 2 ). One copy of the major allele, G, at rs17782355 delays menopause by 1.4 years (95% CI: 0.39 -2.35 years). This SNP is likely a secondary signal from this locus as it is not in LD (r 2 , 0.2) with any index SNPs in either WHI-SHARe Hispanics or HapMap CEU (Fig. 2, Supplementary Material, Fig. S10 ). These results provide additional evidence that this locus plays a role in determining age at menopause.
Since MCM8 and the 19q13.42 locus both influence the timing of menopause, we investigated whether there was an interaction between the two loci by including both rs16991615 and rs17782355 in a single model. We found that there was no significant interaction between the SNPs and that the magnitudes of effect on age of menopause were similar to those models with only one SNP (rs16991615: 22.20 + 0.91 years with P-value , 2.4 × 10
26
, rs17782355: 1.31 + 0.98 years with P-value , 8.9 × 10
23
). Thus, we replicated 2 of the 14 loci previously associated with age of menopause in our Hispanic cohort.
Reproductive life span is influenced by three loci
We calculated the length of reproductive lifespan for WHISHARe participants by subtracting their age of menarche Human Molecular Genetics, 2012, Vol. 21, No. 6 1421 Fig. 3 ). The G allele at rs16991615 reduces reproductive lifespan by 2.1 years per copy (95% CI: 1.2 -3.1). The C allele at rs236114 reduces reproductive lifespan by 0.83 years per copy (95% CI: 0.26-1.4 years). We also found that rs17782355 in BRSK1 (BR serine/threonine kinase 1) on chromosome 19 was also associated with this phenotype, increasing reproductive lifespan by 1.5 years per copy of the G allele (95% CI: 0.48 -2.5, P-value , 3.8 × 10 23 ). Only one of the 41 loci previously associated with age of menarche was associated with the length of reproductive lifespan (P-value , 2.3 × 10
23
, rs853964). The T allele at this locus reduces the reproductive lifespan by 2.4 years per copy in our population (95% CI: 0.84 -3.9). rs853964 is likely a secondary signal in this region, as it is at low LD (r 2 , 0.2) with the index SNP (rs1361108) in both WHISHARe Hispanics and HapMap CEU populations (Fig. 3 , Supplementary Material, Fig. S11) . Two of the three loci found to be associated with length of reproductive span are previously associated with age at menopause, suggesting that the length of women's reproductive lifespan is more dependent on age at menopause than on when they have their first menses.
DISCUSSION
Hispanic Americans constitute 16.3% of the total population in the USA (41) . Several epidemiologic studies show that the timing of menarche and menopause in Hispanic women differ from non-Hispanic Caucasian women even after adjusting for known environmental factors (42) (43) (44) (45) , but most GWAS have focused solely on women of European ancestry. Our study is one of the first to use genome-wide data to seek replication of findings from European populations in US Hispanics. Our study is limited by a modest sample size, particularly for menopause analyses, so we were not powered for GWAS discovery. Therefore, we explored replication to Hispanic women, and replicated 8 of 41 menarche loci using a sample of 3468 Hispanic women, and 2 of 14 menopause loci in 1560 Hispanic women (Supplementary Material, Fig. S14 ). We also replicated the risk of early menopause for one of the two loci already associated with age at menopause. In addition, we found three loci to influence the length of a woman's reproductive lifespan: one locus associated with age of menarche and two loci associated with age at menopause.
Of the eight loci we replicated (LIN28B, LRP1B, NFAT5, INHBA, CENPW, TMEM38B, ZNF483 and OLFM2), two have experimental evidences to support their roles in affecting age at menarche. Transgenic mice expressing LIN28A show a delayed onset of puberty (46) . The previously reported variant is located upstream of LIN28B, whereas the proxy variant rs369065 used in our analysis is an intronic LIN28B SNP that might have a direct role in affecting how this gene functions by, for example, changing the efficiency of how the protein folds. The signals we detected from NFAT5 and LRP1B may be secondary signals, independent of the index SNP reported previously. The previously reported SNP, rs1364063, is upstream of NFAT5 and its proxy, rs12599391, did not replicate in our samples. However, rs7190665 (r 2 , 0.01 with rs12599391 in WHI-SHARe Hispanics) located downstream of NFAT5 did replicate (P-value , 0.001). rs7190665 is an intronic SNP located in the gene WWP2, a protein with ligase activity. The SNP with the lowest P-value in the LRP1B locus, rs16855058, is at low LD with both the index SNP (rs12472911) in HapMap CEU (r 2 ¼ 0.005) and the proxy SNP (rs3936045) in WHI-SHARe Hispanics (r 2 ¼ 0.022). All three SNPs are located in the intronic region in LRP1B. At INHBA, we replicated the previously reported SNP, rs1079866 (P-value , 0.037), located downstream of the gene. INHBA encodes the protein subunit inhibin beta A, which with subunit alpha, forms a hormone that is secreted by cells in the ovary. A nearby SNP, rs4141153, was also found to be significantly associated with age at menarche (P-value , 0.0037). These two SNPs likely represent the same signal as rs1079866 is in strong LD with rs4141153 in both HapMap CEU (r 2 ¼ 0.57) and WHI-SHARe Hispanics (r 2 ¼ 0.68). We also identified that the CENPW-T locus not only was associated with later menarche but also with a shorter reproductive lifespan in WHI-SHARe Hispanic women. Despite the reported association between BMI with age at menarche, none of the BMI-associated loci identified in women of European ancestry (such as FTO, SEC16B, TRA2B, TMEM18) was found to affect the age at menarche in our Hispanic samples. Our findings support the hypothesis that adiposity and Hispanic ethnicity are independently associated with earlier pubertal No known LD for block proxies and their index SNPs: rs11677045, rs13431365, rs10200777, rs3870340, rs763726, rs7610072, rs9860492, rs6865472, rs7761983, rs6905606, rs6958234, rs7870254, rs11823291, rs7101517, rs12161908, rs3743350, rs16952525, rs9936008, rs10423674 and rs7264693. rs601923 was selected as a proxy for three UIMC1 index SNPs: rs7718874 (r 2 ¼ 0.97), rs365132 (r 2 ¼ 0.93) and rs402511 (r 2 ¼ 1.00). rs7324250 was selected as a proxy SNP in the LD block for rs955810 (r 2 ¼ 0.48) and rs7333181 (r 2 , 0.01). All index SNPs can be found in Supplementary Material, Tables S3 and S4 . i, index SNP; p, proxy SNP; SE, standard error; N, number of SNP on the LD block; chr, chromosome; freq, coding allele frequency. development in girls (47) ; however, a much larger cohort of US Hispanic women is needed to study the interaction between these two factors more carefully.
BRSK1 and MCM8 are ubiquitously expressed genes, expected to affect functions of multiple organs. In our WHISHARe Hispanic cohort, we successfully replicated the association between variants in these two loci and age at menopause previously published by multiple studies in European ancestry populations. rs17782355 in the BRSK1 locus affects the age at menopause by 1.4 years on average per allele. As rs17782355 is not in high LD with any of the previously published variants in this locus, it is likely a secondary signal. We could not identify any other SNP in high LD with rs17782355 in the nearby genomic region in either WHISHARe Hispanics or HapMap CEU. rs16991615 in the MCM8 locus decreases the age of menopause by 2.3 years per allele. rs16991615 is a non-synonymous SNP and is in low LD with rs236114 and rs236115 in both HapMap CEU (r 2 ¼ 0.36) and WHI-SHARe Hispanics (r 2 ¼ 0.29). rs16991615 and rs236114 have previously been identified by two different studies to be associated with age at menopause. We found that they likely represent the same signal with rs16991615 driving the effect in our sample based on our conditional analysis. rs16991615 also showed association with early menopause in Hispanic women, as has been shown in the Caucasian cohort (36) . MCM8 is thought to be involved in the initiation of eukaryotic genome replication, and likely critical in the control of cell proliferation. The association of MCM8, and other ubiquitously expressed genes, with early menopause, may indicate that early menopause is a marker for a more rapidly aging individual in general, rather than a specific marker for ovarian aging. This, in part, may explain the association of early menopause with adverse outcomes such as increased mortality and cardiovascular morbidity. Animal studies on these variants are lacking, and future studies are needed to ascertain the functional significance of these variants on ovarian aging and aging in general.
Disease-causing variants may have different effect sizes and frequencies in multiethnic populations with different admixture, making replication of findings from GWAS in European populations to non-European populations difficult. Collecting these large-scaled genetic data from non-European populations is therefore imperative; however, ,12% of all GWAS done to-date have focused on non-European populations (48) . One of the challenges in conducting genetic studies in non-European populations is the existence of complex population structure. Using genome-wide genotypes to measure relative amounts of European ancestry, we were able to adjust for population stratification using conventional methods. As more non-European GWAS data become available in the near future, we will be able to model the admixture structure in Hispanics more accurately and, thereby, hope to identify causal variants in the human genome for traits of interest.
MATERIALS AND METHODS

Study population
WHI is a long-term national health study that focuses on strategies for preventing common diseases such as heart disease, cancer and fracture in postmenopausal women. A total of 161 838 women aged 50-79 years old were recruited from 40 clinical centers in the USA between 1993 and 1998. WHI consists of an observational study, two clinical trials of postmenopausal hormone therapy (estrogen alone or estrogen plus progestin), a Calcium and Vitamin D Supplement Trial and a Dietary Modification Trial (49) . Study recruitment and exclusion criteria have been described previously (50) . Study protocols and consent forms were approved by the institutional review boards at all participating institutions. Medical history was updated annually (for women in the observational study) or semiannually (for women in the clinical trials) by mail and/ or telephone questionnaires.
The WHI-SHARe includes 3642 self-identified Hispanic women from WHI who provided consent for DNA analysis. Approximately 1% of samples could not be genotyped. A total of 3587 participants were kept after excluding samples with call rates below 95%, in duplicates, or with genotype calls on the Y chromosome. The relatedness among participants was investigated and there were 97 sets of monozygotic twins, parent-offspring, full-siblings and half-siblings. After retaining only one individual from each set, our final sample size was 3493 Hispanic women.
Genotyping
DNA was extracted using specimens collected at time of enrollment. All samples, plus 2% blinded duplicates, were genotyped at Affymetrix Inc. (www.affymetrix.com) on the Genome-wide Human SNP Array 6.0 (909 622 SNPs). SNPs that were located on the Y chromosome or were Affymetrix quality control probes (not intended for analysis) were excluded (n ¼ 3280). We also excluded SNPs that had call rates below 95% and concordance rates below 98%, leaving us 871 309 SNPs available for use in this study. The average concordance for blinded duplicate samples was 99.8%, and the average sample call rate after SNP exclusions was 99.8%.
Phenotype assessments
Self-reported age at menarche gathered from the WHI enrollment questionnaires, using the question 'How old were you when you had your first menstrual period (menses)'. Possible responses were '9 or less', '10', '11', '12', '13', '14', '15', '16' and '17 or older'. For this current study, we included up to 3468 individuals for the age at menarche analysis with phenotype and genotyped data. Age at natural menopause is defined as the age when menstrual bleeding terminated naturally for at least 12 months. Questions on menopause status were asked on the enrollment questionnaires. The related questions were: 'How old were you when you last had any menstrual bleeding? (If you are still having menstrual bleeding or periods, enter your current age.)', 'When was the last time you had any menstrual bleeding or spotting?', 'Did you ever have a hysterectomy?' and 'Did you ever have an operation to have one or both of your ovaries taken out?'. Eligible participants were defined as those who had at least one ovary intact before the cease of menses and who reported having last menstrual bleeding or spotting over 12 months ago at the time of the study. After removing participants with endometrial and cervical cancer history, there were 1560 Hispanic participants. Of these 1560 participants, women who underwent menopause before they were 46 years old were defined as having early menopause. We defined the length of reproductive lifespan for each woman as the difference between her ages at menopause and at menarche. The characteristics of these participants are listed in Supplementary Material, Table S1 .
Analysis
To better characterize the ancestry of these Hispanic individuals in the context of four ancestral populations (European Caucasians, Africans, Native Americans and East Asians), EIGENSTRAT was used to perform principle component analyses (PCA) (51) . Specifically, we obtained principal components using 178 101 SNP markers that were common between our samples and our reference panels comprising 475 publically available samples from the YRI population, the CEU population, the Human Genome Diversity Project (HGDP) East Asian population and the HGDP Native American populations. To complement the analysis by PCA, the relative contributions of all four ancestral groups to every admixed individual were estimated using frappe (52).
We used linear regression models to study the association of each SNP with ages at menarche and menopause and the length of reproductive span. All analyses assume additive genetic models and include frappe estimates (% European Caucasian, % African and % East Asian) to account for population stratification. For age of menarche models, age at recruitment (proxy of birth year) and the recruitment centers (West, South, Northeast, Midwest) were significantly predictors for the phenotype. Therefore, these two covariates were added to the regression models. For age of menopause models, we performed univariate analyses on environmental factors which were previously associated with age of menopause. Variables on lifestyle, including smoking-related variables, uses of alcohol, coffee and tea, and medical history, including BMI, ratio of waist -hip circumferences, number of pregnancies, cancer status and use of oral contraceptives were analyzed. Smoking status at the time of menopause (current/non-current smokers) was shown to be significantly correlated with age at menopause and, therefore, was included as a covariate in age of menopause models. We defined a woman with early menopause when she underwent menopause prior to 46 years of age. We used logistic regression models with smoking status as a covariate to assess the risk of a woman having early menopause. Reproductive lifespan was defined as the number of years between a woman's ages of menopause and menarche. We included age at recruitment, recruitment centers and smoking status as covariates in the regression models used to analyze reproductive lifespan.
We first performed a genome-wide discovery, but no statistically significant associations were detected; likely due to our small sample size. To replicate previous findings, we compiled a list of 41 SNPs previously associated with age of menarche (P-value , 10
28
) and 24 SNPs previously associated with age of menopause (P-value , 10 25 ) (index SNPs) (33) (34) (35) 53) . A different threshold for selecting index SNPs for age of menopause was used due to the small sample size in the two published discovery studies, making it possible for true variants to have diminished P-values. For index SNPs that were not available on our genotyping platform, we performed association tests for available SNPs that were at high LD in HapMap CEU population with the index SNPs (proxy SNPs). HapMap CEU population was used since these index SNPs were previously identified in European Caucasian studies. We identified proxy SNPs using the Genome Variation Server (http://gvs.gs.washington.edu/GVS) and only selected SNPs with at least r 2 ≥ 0.8 with the index SNPs. In cases where multiple proxy SNPs were available for a given index SNP, we selected the proxy SNP with the highest LD. In cases where there were more than one proxy SNPs with the highest LD, we performed association studies for all of them to confirm that they had similar P-values. For clarity, we included only one proxy SNP for each index SNP. Lists of index SNPs can be found in Supplementary Material, Tables S3 and S4. We assessed the associations between the phenotypes and index/proxy SNPs at 5% significance level. In the event that the previously identified signals were replicated in our sample, we compared the LD structure in WHISHARe Hispanics to that in HapMap CEU population to compose a list of potential causal variants. We also assess the significance of these index/proxy SNPs using a conservative Bonferroni correction based on the number of index/ proxy SNPs tested. To account for the possibility that the previously reported SNPs were tagging the causal SNPs in the nearby region in people with European ancestry but not in US Hispanics, we defined a LD block for each index SNP using the HapMap CEU population and tested whether any SNP genotyped on that block were associated with our phenotypes. Each LD block was defined as the largest block within 500 kb of the index SNP on which the LD between the SNPs at both ends of the block and the index SNP have r 2 ≥ 0.5. The LD relationships among the SNPs on the same LD block were investigated and only one SNP from high LD pairs (r 2 ≥ 0.8) was kept in the analysis. For the LD block analysis, we applied a Bonferroni correction to the P-values of association tests based on the number of SNPs in the block. This is a conservative correction as these SNPs on the LD block may have low levels of LD among them. In the events that we observe an association signal, we examined whether it represents the prior signal or is a secondary signal by comparing the LD structure in the region in both HapMap CEU and WHI-SHARe Hispanics. LD structures in WHISHARe Hispanics were computed using the pLINK program (http://pngu.mgh.harvard.edu/~purcell/plink/) (54) . Graphs depicting the relationships between SNPs on the same LD block were created using LocusZoom (55) .
Power calculations were performed using Quanto (http://hydra.usc.edu/gxe, version 1.2.4) using the gene-only model with a continuous trait phenotype and unrelated individuals. For the age at menarche, we assumed a population mean of 13 years with a standard deviation of 1.6. For the age at menopause, we assumed a population mean of 50 years with a standard deviation of 5.7. Based on a conservative assumption that the loci included in our study had similar magnitude of effects on traits of interest in WHI-SHARe Hispanics as in women with European ancestry, we were adequately powered to detect 2 of 41 loci previously associated with age at menarche and 3 of 24 SNPs previously associated with age at menopause (Supplementary Material, Fig. S14 ). This estimate was a lower bound as we expected the same signals to have bigger effects in our Hispanic samples since the timing of these traits in minorities were shown to deviate from women of European ancestry.
